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ELECTROSTATIC DISCHARGE PROTECTION CIRCUIT COUPLED ON I/O PAD 

CROSS-REFERENCE TO RELATED APPLICATION 
This application claims the priority benefit of Taiwan application serial no. 
90100247, filed Jan.5, 2001. 

BACKGROUND OF THE INVENTION 

Field of Invention 

The present invention relates to an electrostatic discharge (ESD) protection cir- 
cuit coupled on an I/O pad. More particularly, the present invention relates to an ESD 
circuit on the I/O pad which can prevent a silicon controlled rectifier (SCR) circuit from 
being latched. 

Description of Related Art 

FIG. 1 is a circuit diagram, illustrating a conventional I/O pad ESD protection 
circuit. When the voltage from the I/O pad 10 is exported to an internal circuit 12, an 
ESD protection circuit usually is involved in design to prevent an over voltage from oc- 
curring and affecting the operation of the internal circuit 12. In FIG. 1, two transistors 
14 and 16 are included in the design. The two transistors 14 and 16 can discharge elec- 
trostatic charges away when the over positive voltage or over negative voltage occur on 
the I/O pad 10. In addition, a low- voltage triggering silicon-controlled rectifier 
(LVTSCR) 1 8 is also included, which is used to further enhance the discharge rate. 
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FIG. 2 is a cross-sectional view, illustrating a conventional semiconductor struc- 
ture of the LVTSCR. In FIG. 2, a lateral parasitic NPN bipolar junction transistor 30 is 
formed due to the first N+ doped region 20, the P-type substrate 24, and the second N+ 
dope region 22. A vertical parasitic PNP bipolar junction transistor 32 is formed due to 
the doped region 26, the N well 28, and the P-type substrate 24. The base electrodes of 
these two bipolar junction transistors 28, 30 are respectively driven each other by a col- 
lect electrode of bipolar junction transistors, resulting in a positive feedback loop. The 
positive feedback loop is shown in FIG. 3 A as a pnpn diode structure. The pnpn diode 
structure in FIG. 3 A has I-V curves as shown in FIG. 3B. In FIG. 3B, I H is the minimum 
working current to active the pnpn diode. When I > I H , a latch-up would occur, causing 
the function of the ESD protection circuit to be temporarily or permanently failure. With 
respect to FIG. 2, when the voltage applied on the I/O pad 10 has an instant over voltage 
or over current, it then causes the latch-up on the SCR structure, resulting in failure of 
the ESD protection circuit. 



SUMMARY OF THE INVENTION 

The invention provides an I/O pad ESD protection circuit with SCR structure to 
prevent the latch-up from occurring by including an anti-latch-up circuit to control the 
SCR structure. As a result, the latch-up phenomenon can be effectively avoided. 

As embodied and broadly described herein, the invention provides an I/O pad 
ESD protection circuit, suitable for use on an I/O pad, including a SCR circuit and an 
anti-latch-up circuit. 

The structure of the SCR circuit includes a first connection terminal, a second 
connection terminal, and a third connection terminal. The first connection terminal and 
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the second connection terminal are respectively connected to the I/O pad and the ground 
voltage, so as to discharge the electrostatic charges. The anti-latch-up circuit includes a 
fourth connection terminal, a fifth connection terminal, and a sixth connection terminal, 
respectively coupled to the voltage source, the ground voltage, and the third connection 
terminal of the SCR circuit. In this manner, an anti-latch-up signal is issued from the 
sixth connection terminal, so that the SCR circuit under the normal operation would not 
be activated and the latch-up of the circuit is avoided. Moreover, when the SCR circuit 
is experiencing the ESD situation, a trigger signal can be promptly issued, so that the 
SCR circuit can be activated under the ESD situation. This can prevent the circuit from 
being damaged by the electrostatic charges. 

Further still, the ESD protection circuit includes a first diode and a second diode. 
The first diode has a first input end and a first output end, respectively coupled to the 
ground voltage and the I/O pad. The second diode has a second input end and a second 
output end, respectively coupled to the I/O pad and the voltage source. 

In the foregoing, the SCR circuit includes a P-type substrate, an N+ well, a first 
P+ doped region, a first N+ doped region, a second N+ doped region, a second P+ do- 
ped region, and a third N+ doped region. 

The N well is formed in the P-type substrate. The first P+ doped region is also 
formed in the P-type substrate and is coupled to the ground voltage. The first N+ doped 
region is formed in the P-type substrate at a location adjacent to the first P+ doped re- 
gion, and is coupled to the ground voltage. The second N+ doped region is formed be- 
tween the P-type substrate and the N well adjacent to the first N+ doped region, and is 
coupled to the sixth connection terminal of the anti-latch circuit. The second P+ doped 
region is formed in the N well adjacent to the second N+ doped region and is coupled to 
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the I/O pad. The third N+ doped region is formed in the N well adjacent to the second 
P+ doped region, and is coupled to the voltage source. 

With respect to the foregoing SCR circuit, the anti-latch-up circuit can be des- 
igned by including a capacitor and a resistor. The capacitor has a first contact end and a 
second contact end, respectively coupled to the second N+ doped region and the ground 
voltage. The resistor has a first end and a second end, respectively coupled to the volt- 
age source and the second N+ doped region. 

Alternatively, the anti-latch-up circuit is designed by including a PMOS transis- 
tor, a resistor, and a capacitor. The source region of the PMOS transistor is coupled to 
p 10 the voltage source, and the drain region of the PMOS transistor is coupled to the second 
N+ doped region. The resistor has a first end and a second end, respectively coupled to 
a gate electrode of the PMOS transistor and the ground voltage. The capacitor has a 
first contact end and a second contact end, respectively coupled to the voltage source 
and the gate electrode of the PMOS transistor. 
15 Moreover, the SCR circuit can also be alternatively designed to be a LVTSCR 

circuit that can achieve the function of avoiding latch-up by controlling the PMOS tran- 
sistor at a normal working condition of the integrated circuit. When the ESD phenome- 
non occurs, the LVTSCR circuit can also control the gate electrode of NMOS transistor 
to allow the LVTSCR to be easily triggered. The LVTSCR circuit can include a p-type 
20 substrate, an N well, a first P+ doped region, a first N+ doped region, a second N+ do- 
ped region, a second P+ doped region, and a third N+ doped region, where the first N+ 
doped region, the second N+ doped region, and the gate electrode form an additional 
NMOS transistor. 
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The N well is formed in the P-type substrate. The first P+ doped region is also 
formed in the P-type substrate and is coupled to the ground voltage. The first N+ doped 
region is formed in the P-type substrate at a location adjacent to the first P+ doped re- 
gion, and is coupled to the ground voltage. The second N+ doped region is formed be- 
tween the P-type substrate and the N well adjacent to the first N+ doped region, and is 
coupled to the sixth connection terminal of the anti-latch-up circuit. Source/drain re- 
gions of the additional NMOS transistor of the LVTSCR is formed between the first N+ 
doped region and the second N+ doped region. A gate electrode is formed between the 
source/drain regions, such that the NMOS transistor is formed. The second P+ doped 
region is formed in the N well at a location adjacent to the second N+ doped region, and 
is connect to the I/O pad. The third N+ doped region is formed in the N well, adjacent 
to the second P+ doped region, and is coupled to the voltage source. 

With respect to the LVTSCR circuit, the anti-latch-up circuit includes a PMOS 
transistor, a resistor, and a capacitor. The source region and the drain region of the 
PMOS transistor are respectively coupled to the voltage source and the second N+ do- 
ped region. The resistor has a first end and a second end, respectively coupled to a gate 
electrode of the PMOS transistor and the ground voltage. The capacitor has a first con- 
tact end and a second contact end, respectively coupled to the voltage source and the 
gate electrode of the PMOS transistor. The gate electrode of the additional NMOS tran- 
sistor of the LVTSCR circuit and the gate of the PMOS transistor are coupled together 
also. 

Moreover, the SCR circuit can also be designed as a p-type MLSCR that includes 
a P-type substrate, an N well, a first P+ doped region, a first N+ doped region, a second 
P+ doped region, a third P+ doped region, and a second N+ doped region. The N well is 
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formed in the P-type substrate, the first P+ doped region is formed in the P-type sub- 
strate, coupled to the ground voltage. The first N+ doped region is formed in the P-type 
substrate, adjacent to the first P+ doped region, coupled to the ground voltage. The 
second P+ doped region formed between the P-type substrate and the N well, adjacent to 
the first N+ doped region, coupled to the sixth connection terminal of the anti-latch-up 
circuit. The third P+ doped region is formed in the N well, adjacent to the second P+ 
doped region, coupled to the I/O pad. The second N+ doped region is formed in the N 
well, adjacent to the third P+ doped region, coupled to the voltage source. 

With respect to the foregoing SCR circuit, the anti-latch-up circuit can be des- 
igned by including a capacitor and a resistor. The resistor has a first end and a second 
end, respectively coupled to the second P+ doped region and the ground voltage. The 
capacitor has a first contact end and a second contact end, respectively coupled to the 
voltage source and the second P+ doped region. 

Alternatively, the anti-latch-up circuit can be designed by including an NMOS 
transistor, a resistor, and a capacitor. The source region of the NMOS transistor is cou- 
pled to the ground voltage, and the drain region of the PMOS transistor is coupled to the 
second P+ doped region. The resistor has a first end and a second end, respectively cou- 
pled to the voltage source and a gate electrode of the NMOS transistor. The capacitor 
has a first contact end and a second contact end, respectively coupled to the gate elec- 
trode of the NMOS transistor and the ground voltage. 

Moreover, the SCR circuit can also be designed as a p-type LVTSCR, that can 
not only control the NMOS transistor to avoid latch-up while it is operated at the normal 
condition, but also control the additional PMOS transistor to let the ESD protection cir- 
cuit to be much easily triggered. 
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The p-type LVTSCR includes a P-type substrate, an N well, a first P+ doped re- 
gion, a first N+ doped region, a second P+ doped region, a third P+ doped region, and a 
second N+ doped region. The N well is formed in the P-type substrate, and the first P+ 
doped region is formed in the P-type substrate, coupled to the ground voltage. The first 
N+ doped region is formed in the P-type substrate, adjacent to the first P+ doped region, 
coupled to the ground voltage. The second P+ doped region is formed between the P- 
type substrate and the N well, adjacent to the first N+ doped region, coupled to the sixth 
connection terminal of the anti-latch-up circuit. The third P+ doped region is formed in 
the N well, adjacent to the second P+ doped region, coupled to the I/O pad. 
Source/drain regions of an additional PMOS transistor of the p-type LVTSCR are 
formed between the second P+ doped region and the third P+ doped region, and a gate 
electrode is formed between the source/drain regions. The second N+ doped region is 
formed in the N well, adjacent to the third P+ doped region, coupled to the I/O pad. 

With respect to the p-type LVTSCR circuit, the anti-latch-up circuit includes an 
NMOS transistor, a resistor, and a capacitor. The source region and the drain region of 
the NMOS transistor are respectively coupled to the ground voltage and the second P+ 
doped region. The resistor has a first end and a second end, respectively coupled to the 
voltage source and a gate electrode of the NMOS transistor. The capacitor has a first 
contact end and a second contact end, respectively coupled to the gate electrode of the 
NMOS transistor and the ground voltage. The gate electrode of the additional PMOS 
transistor of the p-type LVTSCR circuit and the gate of the NMOS transistor are cou- 
pled together also. 
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It is to be understood that both the foregoing general description and the follow- 
ing detailed description are exemplary, and are intended to provide further explanation of 
the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings are included to provide a further understanding of the 
invention, and are incorporated in and constitute a part of this specification. The draw- 
ings illustrate embodiments of the invention and, together with the description, serve to 
explain the principles of the invention. In the drawings, 

FIG, 1 is a circuit diagram, schematically a conventional I/O pad ESD protection 

circuit; 

FIG. 2 is a cross-sectional view, illustrating a conventional semiconductor struc- 
ture of the LVTSCR; 

FIGs. 3 A and 3B respectively are a pnpn diode structure and it I-V curve; 

FIG. 4 is a circuit diagram, schematically illustrating an I/O pad ESD protection 
circuit, according to a preferred embodiment of the invention; 

FIGs. 5A-5B are circuit diagrams, schematically the semiconductor structures of 
the I/O pad ESD protection circuit, according to a first preferred embodiment of the in- 
vention; 

FIGs. 6A-6B are circuit diagrams, schematically the semiconductor structures of 
the I/O pad ESD protection circuit, according to a second preferred embodiment of the 
invention; 
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FIGs. 7A-7B are circuit diagrams, schematically the semiconductor structures of 
the I/O pad ESD protection circuit, according to a third preferred embodiment of the 
invention; 

FIGs. 8A-8B are circuit diagrams, schematically the semiconductor structures of 
the I/O pad ESD protection circuit, according to a fourth preferred embodiment of the 
invention; 

FIGs. 9A-9B are circuit diagrams, schematically the semiconductor structures of 
the I/O pad ESD protection circuit, according to a fifth preferred embodiment of the in- 
vention; and 

FIGs. 10A-10B are circuit diagrams, schematically the semiconductor structures 
of the I/O pad ESD protection circuit, according to a sixth preferred embodiment of the 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Typically, since the anti-latch-up circuit uses an RC circuit mechanism to judge 
whether the current status is under a normal operation or an ESD operation, the delay 
time of the RC circuit is necessary to be controlled at a level of microsecond. Due to 
this requirement, the RC circuit needs a large device area. If each I/O pad is coupled to 
one anti-latch-up circuit, this manner would consume the available area and also cause a 
large RC delay time. 

In the invention, I/O pads are coupled to a voltage source Vcc through a diode, 
and the anti-latch-up circuit is coupled between the voltage source and the ground volt- 
age GND. When an ESD event occurs, the diode is forwardly conducted, thereby to 
trigger the anti-latch-up circuit. Since the I/O pads are coupled to the voltage source 
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Vcc through diode, only one anti-latch-up circuit is sufficient to be used for the I/O pads 
through the voltage source Vcc. The layout area is greatly reduced. 

When the IC circuit is operated under a normal condition, since the voltage 
source has a high voltage level, the diode is at an "OFF" status. The RC delay of the 
anti-latch-up circuit is disconnected from the I/O pad, and therefore the whole operation 
speed of the IC circuit is not slowed down by the RC delay time. 

FIG. 4 is a circuit diagram, schematically illustrating an I/O pad ESD protection 
circuit, according to a preferred embodiment of the invention. 

In FIG. 4, the I/O pad ESD protection circuit is coupled between an I/O pad 100 
and an internal circuit 102. The I/O pad ESD protection circuit of the invention include 
a SCR circuit 104, a first diode 106, a second diode 108, and an anti-latch-up circuit 
110. 

The SCR circuit 104 has a first connection terminal 112 and a second connec- 
tion terminal 1 14, respectively coupled to the I/O pad 100 and the ground voltage GND, 
so as to discharge the electrostatic charges. The first diode 106 has a first end 118 and a 
second end 120, respectively coupled to the ground voltage GND and the I/O pad 100. 
When an over negative voltage occurs on the I/O pad 1 00, it causes a conduction on the 
diode 106, so as to conduct the electrostatic charges away. The internal circuit 102 is 
therefore protected from damage. Likewise, the second diode 108 has a first connection 
terminal 122 and a second connection terminal 124, respectively coupled to the I/O pad 
100 and a voltage source Vcc. When an over positive voltage occurs on the I/O pad 
100, it causes a conduction on the diode 108. In this situation, the over positive voltage 
is coupled to the voltage source Vcc through the diode 108, thereby to trigger the anti- 
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latch-up circuit 110. The anti-latch-up circuit 110 then provides a voltage level to the 
SCR circuit 104 to change the triggering voltage. 

The anti-latch-up circuit 110 has a fourth connection terminal 126, a fifth con- 
nection terminal 128, and a sixth connection terminal 130, respectively coupled to the 
voltage source Vcc, the ground voltage GND, and the third connection terminal 1 1 6 of 
the SCR circuit 104. An anti-latch-up signal is issued by the anti-latch-up circuit 1 10 to 
the sixth connection terminal 130, so as to prevent the SCR circuit 104 from being acti- 
vated and latched during an normal operation on the SCR circuit. 

To further describe the various circuit designs of the invention, some examples 
are provided in the following. 
Example 1 

FIGs. 5A-5B are circuit diagrams, schematically the semiconductor structures of 
the I/O pad ESD protection circuit, according to a first preferred embodiment of the in- 
vention. In FIG. 4 as described previously, a relationship between the SCR circuit 104 
and the anti-latch circuit 110 has been described, where the diode effect is not well de- 
scribed. In FIG. 5 A, the SCR circuit in a semiconductor structure includes a p-type sub- 
strate 150, an N well 152, a first P+ doped region 154, a first N+ doped region 156, a 
second N+ doped region 158, a second P+ doped region 160, and a third N+ doped re- 
gion 162, where the p-type substrate 150 can also represents a P well. 

The N well 1 52 is formed in the p-type substrate 150. The first P+ doped region 
154 is formed in the p-type substrate 150, and is coupled to the ground voltage. The 
first N+ doped region 156 is formed in the p-type substrate 150 adjacent to the first P+ 
doped region 154, and is coupled to the ground voltage. The first N+ doped region 156 
is formed in the p-type substrate 150, adjacent to the first P+ doped region 154 and cou- 
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pled to the ground voltage. The second N+ doped region 158 is formed between the p- 
type substrate 150 and the N well 152, adjacent to the first N+ doped region 156 and 
coupled to the anti-latch-up circuit 164. The second P+ doped region 160 is formed in 
the N well 152, adjacent to the second N+ doped region 158 and coupled to the I/O pad. 
The third N+ doped region 162 is formed in the N well 152, adjacent to the second P+ 
doped region 160 and coupled to the voltage source Vcc. 

In addition, the anti-latch-up circuit 164 includes, for example, a capacitor 166 
and a resistor 168. The capacitor 166 has a first contact end 170 and a second contact 
end 172, respectively coupled to the N+ doped region 158 and the ground voltage. The 
resistor 168 has a first end 174 and a second end 176, respectively coupled to the voltage 
source Vcc and the second N+ doped region 158. 

In FIG. 5 A, the first N+ doped region 156, the p-type substrate 150, and the 
second N+ doped region 158 form an NPN bipolar junction transistor 178. Likewise, 
the second P+ doped region 160, the N well 152, and the p-type substrate 150 form a 
PNP bipolar junction transistor 180. The equivalent SCR circuit of the SCR structure in 
FIG. 5 A is shown in FIG. 5B. 

Moreover, the operation mechanism of ESD and its design is considered. Since 
the typical rising time of an IC device after power-on is about millisecond while the ESD 
pulse has a rising time of about nanosecond, the RC delay time is then designed to have 
at about microsecond, so as to discern the two situations. When the IC power is nor- 
mally turned on, since its the rising time is greater than the designed RC rising time, a 
voltage level of the node A changes with the voltage source Vcc. At this current situa- 
tion, the second N+ doped region can absorb large amount of carriers due to an accident 
over voltage. As a result, the voltage can remain the same, and the latch-up phenome- 
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non is avoided. For the ESD event, since the rising time of the ESD event is less than 
the designed RC delay time, the voltage level at the node A cannot race the voltage 
source Vcc in time. An over voltage does not occur on the second N+ doped region. 
The SCR circuit can be triggered and has a relatively lower voltage. 

Moreover, the operation of the SCR circuit associating with the anti-latch-up 
circuit is described. When the I/O pad is at a normal working voltage, the rising time of 
power-on usually needs a time much longer than the RC delay time. The node A located 
between the resistor 168 and the capacitor 170 has a voltage level up to the voltage 
source Vcc. This provides a protection effect similar to the function of guard ring, such 
that a holding voltage of the SCR circuit can enhance the prevention of the latch-up phe- 
nomenon. When an ESD event occurs on the I/O pad causing a positive current, the 
voltage level on the node A cannot race the rising rate of the voltage source Vcc due to 
the rising time of the ESD event is much smaller than the rising time of the RC circuit. 
As a result, the SCR circuit has a relative lower holding voltage. 

Example 2 

FIGs. 6A-6B are circuit diagrams, schematically the semiconductor structures of 
the I/O pad ESD protection circuit, according to a second preferred embodiment of the 
invention. In this Example 2, the SCR circuit remain the same. In the following, the 
same numeral reference represent the similar element. The description about SCR circuit 
is skipped here. The difference of the anti-latch-up circuit 200 from the Example 1 is the 
additional PMOS transistor 202 that has a source region coupled to the voltage source 
Vcc, a drain region coupled to the second N+ doped region 158, and a resistor 204 with 
a first end 206 and a second end 208, respectively coupled to a gate electrode of the 
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PMOS transistor 202 and the ground voltage. In addition, a capacitor 210 has a first 
contact end 212 and a second contact end 214, respectively coupled to the voltage sour- 
ce Vcc and the gate of the PMOS transistor 202. 

Similarly to the Example 1, the RC delay time of the anti-latch-up circuit is 
5 about the level of microsecond, which is used to distinguish between the ESD rising time 
at the level of nanosecond and the rising time of the power-on at the level of millisecond. 

While the circuit is normally working under power-on, the rising time of power 
on is larger than the RC time constant of the anti-latch-up circuit, the voltage level on the 
node A is brought down to the ground voltage GND, causing the activation of the 
(3 10 PMOS transistor 202. The second N+ doped region 158 is brought up to voltage sour- 
IjJ ce Vcc through the PMOS transistor 202. This provides a guard ring protection effect, 

HI 

W and the holding voltage of the SCR circuit is raised, so that the latch-up phenomenon is 

^ effectively prevented. When an ESD event occurs on the I/O pad, the second diode 108 

'Q is conducted and the rising time of the ESD event is much smaller than the RC time con- 

sul 

-|«& 15 stant of the anti-latch-up circuit. The node A is coupled to the voltage source Vcc 
through the capacitor 210, causing an "OFF" of the PMOS transistor 202. As a result, 
the second N+ doped region 158 is at a floating status, and the SCR circuit has a lower 
holding voltage level. 

20 Example 3 

FIGs. 7A-7B are circuit diagrams, schematically the semiconductor structures of 
the I/O pad ESD protection circuit, according to a third preferred embodiment of the 
invention. In this Example 3, the SCR circuit is modified into a LVTSCR circuit. Com- 
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parison with the SCR circuit in Example 2 as shown in FIGs. 6A-6B, the LVTSCR cir- 
cuit includes an additional NMOS transistor 256. 

The LVTSCR circuit includes in a semiconductor structure includes a p-type 
substrate 150, an N well 152, a first P+ doped region 154, a first N+ doped region 156, a 
5 second N+ doped region 158, a second P+ doped region 160, and a third N+ doped re- 
gion 162, where the p-type substrate 150 can also represents a P well. 

The N well 152 is formed in the p-type substrate 150. The first P+ doped region 
154 is formed in the p-type substrate 150, and is coupled to the ground voltage. The 
first N+ doped region 156 is formed in the p-type substrate 150 adjacent to the first P+ 
]S 10 doped region 154, and is coupled to the ground voltage. The second N+ doped region 

y 158 is formed between the p-type substrate 150 and the N well 152, adjacent to the first 

in 

P N+ doped region 156 and coupled to the sixth connection terminal of the anti-latch-up 

*f circuit 240, that is, the drain region of the PMOS transistor 242. Between the first N+ 

H doped region 156 and the second N+ doped region 158, the additional NMOS transistor 

; tss. 

U 256 of the LVTSCR circuit is formed. The additional 
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respectively coupled to a gate electrode of the PMOS transistor 242, and the ground 
voltage. A capacitor 250 having a first contact end 252 and a second contact end 254, 
respectively coupled to the voltage source and the gate electrode of the PMOS transistor 
242. The gate electrode 258 of the NMOS transistor 256 of the LVTSCR circuit is also 
coupled to the gate electrode of the PMOS transistor 242. 

Similarly to the Example 1, the RC delay time of the anti-latch-up circuit is 
about the level of microsecond, which is used to distinguish between the ESD rising time 
at the level of nanosecond and the rising time of the power-on at the level of millisecond. 

While the circuit is normally working under power-on, the rising time of power 
on is larger that the RC time constant of the anti-latch-up circuit, the voltage level on the 
node A is brought down to the ground voltage GND through the resistor 244, causing 
the activation of the PMOS transistor 242. The second N+ doped region 158 is brought 
up to voltage source Vcc through the PMOS transistor 242. This provides a guard ring 
protection effect, and the holding voltage of the SCR circuit is raised, so that the latch- 
up phenomenon is effectively prevented. In the mean time, the NMOS transistor 256 is 
at the "OFF" status, so that it does not affect the other operation. When an ESD event 
occurs on the I/O pad, the second diode 108 is conducted and the rising time of the ESD 
event is much smaller than the RC time constant of the anti-latch-up circuit. The node A 
is coupled to the voltage source Vcc through the capacitor 250, causing an "OFF" of the 
PMOS transistor 242. As a result, the second N+ doped reason 158 is at a floating 
status, and the SCR circuit has a lower holding voltage level. Since the node A has the 
voltage level of the voltage source Vcc, the gate electrode of the NMOS transistor 256 is 
coupled to the voltage source Vcc. This results in a decrease of the triggering voltage 
and the SCR circuit can be more promptly activated. 
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Example 4 

FIGs. 8A-8B are circuit diagrams, schematically the semiconductor structures of 
the I/O pad ESD protection circuit, according to a fourth preferred embodiment of the 
invention. In this Example 4, the relation between the SCR circuit 104 and the anti- 
latch-up circuit 130 and the second diode 108 in FIG. 4 are shown, where the first diode 
106 is omitted here. In FIG. 8 A, the SCR circuit in a semiconductor structure includes a 
p-type substrate 300, an N well 302, a first P+ doped region 304, a first N+ doped region 
306, a second P+ doped region 308, a third P+ doped region 310, and a second N+ do- 
ped region 312, where the p-type substrate 150 can also represents a P well. 

The N well 302 is formed in the p-type substrate 300. The first P+ doped region 
304 is formed in the p-type substrate 300, and is coupled to the ground voltage. The 
first N+ doped region 306 is formed in the p-type substrate 300 adjacent to the first P+ 
doped region 304, and is coupled to the ground voltage. The second P+ doped region 
308 is formed between the p-type substrate 300 and the N well 302, adjacent to the first 
N+ doped region 306 and coupled to an anti-latch-up circuit 316. The third P+ doped 
region 3 10 is in the N well 302, adjacent to the second P+ doped region 308 and coupled 
to the I/O pad. The second N+ doped region 312 is formed in the N well 302, adjacent 
to the second P+ doped region 310 and coupled to the I/O pad. 

The anti-latch-up circuit 316 includes a capacitor 318 and a resistor 320. The 
resistor 320 has a first end 322 and a second end 324, respectively coupled to the second 
P+ doped region 308 and the ground voltage. The capacitor 318 has a first contact end 
326 and a second contact end 328, respectively coupled to the voltage source Vcc and 
the second P+ doped region 308. 
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In FIG. 8 A, the first N+ doped region 306, the p-type substrate 300, and the N 
well 302 form an NPN bipolar junction transistor 330. Likewise, the second P+ doped 
region 308, the N well 302, and the third P+ doped region 310 form a PNP bipolar junc- 
tion transistor 332. The equivalent SCR circuit of the SCR structure in FIG. 8A is 
shown in FIG. 8B. 

Moreover, the operation mechanism of ESD and its design is considered. Since 
the typical rising time of an IC device after power-on is about millisecond while the ESD 
pulse has a rising time of about nanosecond, the RC delay time is then designed to have 
at about microsecond, so as to discern the two situations. When the IC power is nor- 
mally turned on, since its rising time is greater than the designed RC rising time, a volt- 
age level of the node A has the ground voltage GND through the resistor 320. At this 
current situation, the second p+ doped region can absorb large amount of carriers due to 
an accident over voltage. As a result, the voltage can remain the same, and the latch-up 
phenomenon is avoided. For the ESD event, since the rising time of the ESD event is 
less than the designed RC delay time, the voltage level at the node A is coupled to the 
voltage source Vcc through the capacitor 318. As a result, the second P+ doped region 
has a voltage level greater than the ground voltage GND, and thereby the SCR circuit 
can be triggered with a lower holding voltage. 

Moreover, the operation of the SCR circuit associating with the anti-latch-up 
circuit is described. When the I/O pad is at a normal working voltage, the rising time of 
power-on usually needs a time much longer than the RC delay time. The node A located 
between the resistor 320 and the capacitor 318 has a voltage level down to the ground 
voltage GND, and causing the voltage level of the coupled second P+ doped region 308 
to be brought down to the ground voltage GND. This provides a protection effect simi- 
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lar to the function of guard ring, such that a holding voltage of the SCR circuit increases 
and can enhance the prevention of the latch-up phenomenon. When an ESD event oc- 
curs on the I/O pad, since the diode 108 is conducted and the rising time of the ESD 
event is much smaller than the RC time constant of the anti-latch-up circuit, the voltage 
level on the node A is near the voltage source Vcc. Therefore, the second P+ doped re- 
gion has the voltage level greater then the ground voltage, and the SCR circuit has a 
lower holding voltage. 

Example 5 

FIGs. 9A-9B are circuit diagrams, schematically the semiconductor structures of 
the I/O pad ESD protection circuit, according to a fifth preferred embodiment of the in- 
vention. In this Example 5, the SCR circuit is similar to that in Example 4 and is not 
further described. The difference from the Example 4 is the anti-latch-up circuit 350 
which includes an additional NMOS transistor 352. The NMOS transistor has a source 
region grounded to the ground voltage GND, a drain region coupled to the second P+ 
doped region 308. An capacitor 354 has a first contact end 356 and a second contact 
end 358, respectively coupled to a gate electrode of the NMOS transistor 352 and the 
ground voltage GND. A resistor 360 has a first end 362 and a second end 364, respec- 
tively coupled to the voltage source Vcc and the gate electrode of the NMOS transistor 
352. 

While the power is turned on under the normal operation, since the RC circuit 
has a RC time constant is smaller than the rising time of power-on, the node A then can 
reach a voltage level of the voltage source Vcc. This turns on the NMOS transistor 352 
and the second P+ doped region 308 is brought down to the ground voltage GND. This 



19 



FILE: 6643USF.RTF 



provides a guarding ring like protection effect and the holding voltage of the SCR circuit 
is raised, so as to avoid the latch-up phenomenon. When the ESD event occurs on the 
I/O pad, since the RC time constant is much larger than the rising time of the ESD event, 
the voltage level at the node A is behind the voltage source Vcc. The second P+ doped 
region therefore is at a floating status due to the "OFF" status of the NMOS transistor 
352. The SCR circuit is then has lower holding voltage. 

Example 6 

FIGs. 10A-10B are circuit diagrams, schematically the semiconductor structures 
of the I/O pad ESD protection circuit, according to a sixth preferred embodiment of the 
invention. 

The SCR circuit now is replaced by a p-type LVTSCR circuit, which includes an 
additional PMOS transistor 416 to the LVTSCR circuit in Example 5. 

The p-type LVTSCR circuit includes a p-type substrate 300, an N well 302, a 
first P+ doped region 304, a first N+ doped region 306, a second P+ doped region 308, a 
third P+ doped region 310, and a second N+ doped region 312, where the p-type sub- 
strate 150 can also represents a P well. 

The N well 302 is formed in the p-type substrate 300. The first P+ doped region 
304 is formed in the p-type substrate 300, and is coupled to the ground voltage. The 
first N+ doped region 306 is formed in the p-type substrate 300 adjacent to the first P+ 
doped region 304, and is coupled to the ground voltage. The second P+ doped region 
308 is formed between the p-type substrate 300 and the N well 302, adjacent to the first 
N+ doped region 306 and coupled to a sixth connection terminal of an anti-latch-up cir- 
cuit 400, that is, a drain region of the NMOS transistor 402. The third P+ doped region 
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3 10 is in the N well 302, adjacent to the second P+ doped region 308 and coupled to the 
I/O pad. Between the second P+ doped region 308 and the third P+ doped region 310, 
the PMOS transistor 416 of the p-type LVTSCR circuit is formed. The PMOS transistor 
416 has source/drain regions and a gate 418 between the source/drain regions. The sec- 
ond N+ doped region 312 is formed in the N well 302, adjacent to the third P+ doped 
region 310, and coupled to the I/O pad. 

The anti-latch-up circuit 400 with respect to the p-type LVTSCR circuit in- 
cludes an NMOS transistor 402, a capacitor 404, and a resistor 410. The NMOS tran- 
sistor 402 has a source region coupled to the ground voltage and a drain region coupled 
to the second P+ doped region 308. The capacitor having a first contact end 406 and a 
second contact end 408, respectively coupled to the gate electrode of the NMOS tran- 
sistor 402 and the ground voltage. The resistor 410 has a first end 412 and a second end 
414, respectively coupled to the voltage source Vcc and the gate electrode of the NMOS 
transistor 402. The gate electrode of the PMOS transistor 416 of the p-type LVTSCR 
circuit is also coupled to the gate electrode of the NMOS transistor 402. 

While the power is turned on under the normal operation, since the RC circuit 
has a RC time constant is smaller than the rising time of power-on, the node A then can 
reach a voltage level of the voltage source Vcc. This turns on the NMOS transistor 402 
and the second P+ doped region 308 is brought down to the ground voltage GND. This 
provides a guarding ring like protection effect and the holding voltage of the SCR circuit 
is raised, so as to avoid the latch-up phenomenon. In the mean time, the PMOS transis- 
tor 416 remains at "OFF" status and does not affects the other operation. When the 
ESD event occurs on the I/O pad, since the RC time constant is much larger than the 
rising time of the ESD event, the voltage level at the node A is behind the voltage source 
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Vcc, and then the NMOS transistor 402 is at "OFF" status. The second P+ doped region 
308 is then at a floating state, and the SCR circuit has a lower holding voltage. Since the 
node A is coupled to the ground voltage, the gate electrode 418 of the additional PMOS 
transistor 416 of the p-type LVTSCR circuit is coupled to the ground voltage and low- 
5 ering the triggering voltage. Therefore the SCR circuit has a fast triggering speed. 

In conclusion, the invention uses a anti-latch-up circuit, coupled between the 
voltage source and the ground voltage, so that the latch-up phenomenon under the nor- 
mal operation is avoided. When an ESD event occurs, the SCR circuit can be activated 

\% with prompt performance. 

SO 

q 10 It will be apparent to those skilled in the art that various modifications and 

{*& 

y variations can be made to the structure of the present invention without departing from 

i r -s 

» £ a 

the scope or spirit of the invention. In view of the foregoing, it is intended that the pre- 
|7| sent invention covers modifications and variations of this invention provided they fall 

vji within the scope of the following claims and their equivalents. 



22 



